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HOT ROLLING STEEL SHEET WITH HIGH STRENGTH, EXCELLENT IN BORING 
PROPERTY AND DUCTILITY, AND ITS PRODUCTION 

PROBLEM TO BE SOLVED: To provide a hot rolling steel sheet with high strength, having 
a tensile strength of 590 N/mm2 or above, an excellent boring property of and ductility. 

SOLUTION: The hot rolling steel sheet with high tensile, excellent in opening property of a 
bore and the ductility, is composed of C: 0.01 %-0.20%, Si: 0.3%-1 .5%, Mn: 0.55%-2.5%, 
P: 0.10% or below, S: 0.009% or below, N: 0.010% or below, Mg: 0.0005%-0.01%, Al: 
0 .002%~-07071k76ne^r™ 

%, and the balance iron with inevitable impurities. Furthermore, by controlling the oxides, 
this steel sheet contains MgO in the range of particle diameter of 0.005-5.0 um, or 
complex oxides of 1 0x1 03 pieces or more and 1 .0x1 07 pieces or more per 1 mm2, 
which are composed of one or more kinds of AI202, Si02 MnO and Ti203, and the steel 
structure is mainly a ferrite structure and the residue is a bainite structure. 
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[Mm] 5 9 0N/mni*' H±«9ISIHME**L;'fll 

& * * ■ 

M*»¥R] C:0.01%~0.20%. Si : 0.3 

1:5 %. Mn : 0.5 %~2-5 P:0. ; 10%OTv S:0. 
009 %JiTR N-.0.010 %JilT. Mg: 0.'0005%M).01%.' 
Al : 0.002 %-M).07%, feit/Ti : 0.003 25%. 
Nb : 0:003. %M)'.04%<7) l«4fc«2«**L. : SIP* 1 ' 

WCfcO. &^FS^O.OOS Xtm— 5.0 mtf5KHC2&4 
MgO MgO &-£v*Al 2 0 3 :\ Si0 2 ;'Mn0 , Ti 2 0 3 <D 

1 Si> L < ti 2 afiLh^H^BMtfii** 1 0 1 ■ 

0 xio 3 mXt. 1.0 xi07 fflJ3lT**.'«tBit*7x 

9-f im^i-4 v$mtt&: 



"t-73-F*(##) 
3 0 1 W 4K0 3 7 
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nmmi i mm.%tzx 

C : 0. 0 1%tJJi s 0. 2 0%W.T. 

S i : 0. 3%feUL. l i 5%tJ.T. 

Mn : 0. 5%JiLL. 2. 5%J^T. 

P : 0. 1 0%OT. 

S : 0. 0 0 9%WT. 

N : 0. 0 1 0%JilT, 

Mg: 0. 000 5%tLh. 0. 0 1%tUT. 

Al : 0- 0 0 2%lil±. 0. 0 7%tAT. 

Ti : 0. 0 0 3%JiLh. 0. 25%aT. 
Nb : 0. 0 0 3%JiLL. 0. 04%WT. 

i&fe^&O . SWO . , 0 0 5^m~5 . 0 
^Btc&SMgOi^fi. MgOSr-^A 1 2 o 3 s s 
iO,\ M'nb. tij 0 3 CDimi> L.<l±2miil±C0 

m-tmimtfiw-jjmm&fz o 1 . o x i o 3 flsiLt. 

1 . 0X10' fflOTHrtf. IHffl^^ 7 ^ hM^i^ 

C : 0. 0 1%£Lh. 0. 2 0%OT. 

Si : 0. 3%&_L 1. 5%JaT, 

Mn : 0. 5%£Lt. 2. 5%JilT. 

P : 0. 1 0%U1T, 

S : 0. 0 0 9%OT. 

N : 0. 0 1 0%OT. 

Mg : 0. 0 00 5%J£Lh. 0. 0 l%VXf. 

Al : 0. 0 0 2%ULh. 0. 0 7%£lT. 

Ti : 0. 0 0 3%m±, 0. 2 5%aT. 
Nb:0. 0 0 3%ULL. 0. 0 4%^.T 

ffiMfr $mi#*0. 5. 0,um<59 

fEHfc&SMgO^li:.. MgO^MAl 2 0 3 , S 
i0 2 , MnO. Ti 2 O s cr> \ 8i L<li2mU±cr> 
m-SmttMb ', vlixSr^cLT. -e^jfljfii;: (Nb. T 
i ) NSrHrrs^flrtiJ^^ -W>1M *#0 . 0 
5^m~5. Ox/mcDiEHO^fai^l^mm^fcO 

i.o x i o 3 well? i.o x i o? maT-tts. m*m 

2r7x7-f hmffiZlEb h*fili&i:-f i: 

[H^3] S*%^T 
C : 0. 0 1%ULh. 0. 2 0%OT. 
S i : 0. 3%fiJLL. 1 . 5%1TF. 
Mn : 0.. 5XI2LL. 2. 5%JTF. 
P : 0. 1 0%1}TF, 
S : 0. 0 0 9%WT. 
N : 0. 0 1 0%iiXT. 



Mg : 0 ; 0 0. 0 5%JjJLh. 0.01 

Al :0. 0 0 2%l2Lh. 0. 0 7%l2TF. 

T i : 0 . 0 0 3%lil±. 0 . 2 5%felT. 
Nb:0. 0 0 3%J-Ut±. 0. 0 4%irF 

<n i mt tzn 2 a-t-^r l . Ba^&fc iv^F^mm^m 

Ca:0. 00 0 5%l3Lh. 0. 0 100%J^T\ 
REM7t*c7)^-|t : 0. 0 00 5%i.Xt» 0. 0 100 

0 i at Jtut 2 a-£* l , «t iPF^ni«PF« 

feiP's'SrltifiAfO. 0 0 5^m~5. O^mcO® 
Ht*4MgOi^:li, MgomAl 2 0 3> Si 
0 2 ,MnO v Ti 2 0 3 Oiai»L<(i2atLh^Jlt 
■^SMfclW* 1 Wmmfcfc 01. 0 x 1 0 3 mXt. 

1 . oxi 07 mvxy^ts. mwmy^vj hmm* 

it b mitlzmixfcM&m&MMWL . 

C : 0. 0 1%m_ji, 0. 2 0%1TF. 

S i : 0. 3%tLh. 1 . 5%JilT\ 

Mn:0. 5%&±. 2. 5%ITF. 

P : 0. 1 0%Ui.T, 

S : 0. 0 0 9%KT> 

N : 0. 0 1 0%JiTF\ 

Mg:0. 00 0 5%JiLh. 0. 0 1 

Al :0. 0 0 2%feLt. 0. 0 7%JilT. 

Ti :0. 0 0 3%Jil±. 0. 2 5%WT. 
N b : 0 . 0 0 3%JJLh. 0 . 0 4%OT 

<o i a* a 2 a** l . msamts i^f™«pr« 

Ca : 0. 00 0 5%JiLt. 0. 0 100%JilT. 
REM^O^-ft : 0 . 0 00 5%lXh. 0. 0 100 

<o i «a li 2 a-^-^r l N jsgp^gys i t^nBWNs 

Hj*»4>$rD. tt^fi^O. 005jum-5. OjumcDM 
sOttzlt. MgOSr#^Al 2 0 3 . Si0 2> Mn 
O, Ti, 0,«i8tL<tt2 WjUKOS'&BMtJWj 
^fLSr^LT. -eoiljac (Nb. Ti ) N^^ 

5. Ovm O&mrtffi ttUfatf 1 ^Jjm m */s 0.1. Ox 

io 3 mxt. i. 0 X107 m&r&ts. msmzy 

1 m&rn 5 3 tmm 1 xmt*ja 2 xiifi ^ji 3 x« 

±fc-*"&fflffi*L, §l#^^2 0-C/s e clil±0^ 
iSJST'^ai I, 35 0 C C~ 6 0 0 "CTltlX^ <I i: 
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[ ts*^ 6 ] m&m i xi±m?m 2 xnmm 3 xi± 

St*JS4fci£Lrt:«PI*s JES&&7iftESrAr 3 SQBjSUa 
±b-t&Em& Lti®, 2 0'C/sec KJLb7)#SliI.« 
X'6 5 O-C-7 0 0*C*-CH«It. PiSST'l 5#&T 

Q&Ltzik, hbrwjltv. 3 5 o°c— 6 0 ox-rifux 

.[M*«7 ] H&g iXtiIf*3S2X{ifi5R3l3Xii 
If*3g4 CIE *J J:lX, fg^a 5 XliW*! 6 K 
IB LstlH^iSi^attJtt^^gXSO^f^SPgtc: 
35.V.YC .Sit M n.*j5S*0L/ia, T i &g§JtU. 
CMgkA 1 £SHnr*-&£.fc ^mk^^flaftekSi 

X<i.M'g<7>m8§m&mt UX S : i.^N.i ,Cu ,>A . 
l .'. REM <#±StHR>.<0 r«*4^l±2W2Lh*»fc 

jRiMg-^srffl^sifcsitafc-rs^aRfftttjie' 
«w i%Ja_h i o %*ffixb& z\.t ztmt-thKmf 

OF e M n - % f C r cDi&Jg<7)Sl# 1 0 %&mXh;Z> «!• k 

[00 0 1 ] . ': .. •• 
[fS9iiOJSW-S!*«5Hff] *fH8ti: ±k LX7°\?xto 
JL2tV2>&mmmffim*ttMitL. 1. 0— 6. 0 mm 

5 9 ON/mm* ■JjLhogiSitt*** 
L . ftjfttftt k Stt^ff^«!M»»iiHK&^ OM 

[00 0 2] . 

sWIK><5.iiT#fc. *^ jnxffift&iffllKfc Uli7x 
h • ^/ky^iM hfflHMp&fcftDual Phased** 
mi>tlXU&. Dual PhasefH1£f±< MRr7i5^'h* 
k.W&r?A^ry*M httnmi*imX'ffiJ8.ZtiX& 

[0003] Zcr>tl&>ftffl¥4 - 8812 5^fg. # 
SS¥3 - 1 8 0 4 2 6^-&?gtC<'f h £±#k Ltc 



7j-^'}I§g$nTV»^. S^tC. W6-29391' 
0 #&$STti 2 ^S^tl:J;- 9 T7x5^h 
A W*Sr#J«-r * - k T'^tf 14 k & Wir-f 4 K3B 

[0004] 

[^H^gf^Li ? -fc^SHai *«KBti5 9 0 N/m 
tfttk3Ett*WAtfe?aBja»!!9i««*ll«LJ: 3 k"T 
[0005] 

. ti^Tft-ft^^am^^eiKttKLfcttas Ms 
b, .t i ).. Nfo^was^^^-tsttotc^fjcwaj^-frs 

OJCTjcom^^^ftl L -3 -Sik ^<X. mX9 7 y 
9cr>mL£WfflbF3&i?&Zfo±Z.itX^& t^thix 

HmSV- 1.1.-32348 8#^fBt=«t *lirtSI*ttiS 
«FtcBW-*fiBi5-C«M slKfelHltc J: *Steftn*^B5*ffi' 

0; «BB¥ 11-2 3 6 6 4 5#&fl|iOJSSESlWBttt£.- 

H A Zgpco r &c0fi!c«Srfll©Jt-S i fc S: B W t T ^ 
h . Zix^l±^^xi>mmitmzJ:$>¥>->9l l zJ; 

UlteJ: KSrfUffl-T* t«k(i^ 

0 . * stot?zmmizte^x?mmi) i fo±>L 

[000 6] 1 ) MMXIZX 

C : 0. 0 1%KJLh. 0. 2O%0.T. Si : 0. 3 
%tLh. 1. 5%£XT. Mn : Q. 5%£Jlh. 2. 5% 
JiiT. P : 0. 10%WT, S : 0. 0 09%®. 
T\ N : 0 . 0 1 0%tlTv M g : 0 . 0 0 0 5%Jil 
±, 0. 0 1%HT, Al :0. 0 0 2%Jil±, 0. 0 
7%y.T, tJil/Ti : 0. 0 0 3%tiJb. 0. 2 5% 
JilT. Nb : 0. 0 0 3%lJUi. 0. 04%iilT<Oia 

4>=Sr 0 s fi^-fl^' 0. 005//m-5. 0/z m«gl(; 

tb^MgOi^ti, MgO^Al 2 O s . Si 

O a . MnO/Ti, 0 3 •<Ol8t>L<«2a£U:<oa. 



MOIW^m. , to 



W1 O/OC A 
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&mvfa& i ^mmhtz o i . ox i o 3 mxt. 
i . o x 1 07 mwT&ts. msmz? htmz 

[0 0 0 7] 2) MSlXIZX 

C : 0 . 0 1 %fclh, 0.2 0%OT. S i : 0 . 3 
%lXk. 1. 5%WT. Mn : 0. 5%lULt. 2. 5% 
feTF. P : 0. 1 0%lilT. S : 0 . 0 0 9?W, 
T. N : 0. 0 1 0%JilT. Mg : 0 . 0 0 0 5%l& 
±. 0. 01%JUT. Al : 0. 0 02%t)Jb, 0. 0 
7%l?XT. tiXT/Ti : 0. 0 0 3%JiLt. 0. 2 5% 
EAT. N b : 0 . 0 0 3 %l;LL. 0 . 0 4 %JiTF<?) 1 S 

4te« 2S^-&^r u j^'t^^t^a* 

W^Wfi 0. 0 0 5 // m~ 5 - 0 ju mOTOi 
ffl{::£>&MgOi*:t2. MgOJrtMlj 0 3 . Si 

o 2 s Mno, Ti 2 o 3 <Dimi>L<it2m&±<om 

i ) N ^ft5 1g^ffi^<7) d , -e^-f -f Xifi 0 . 0 
5jum~ 5 . 0 ju miOlgHcO^ftb^ 1 T^mm&fc 9 ; 
1.0 x l os HfcLL, 1.0 x l 0^ TOT-£tK IBffia 

f£ "f &5ttkff 14 fc SEtttflHxfcKSfiflBMSaJWR. 
[0008] 3 ) S*%tT 

C : 0. 0 1%ELL. 0. 2 0%JiTF. Si :0. 3 
%JiLL. 1. 5%JilT, Mn : 0. 5%fcJLt. 2. 5% 
OT. P :0. 10%UTF. S :0. 0 0 9%ti 
T.N : 0. 0 1 0%&T. Mg : 0 . 000 5%& 
±. 0 . 0 1 %£TF. A 1 : 0 . 0 0 2%JiUb. 0 . 0 
7%feJLT. tiXl/Ti : 0. OO3%0±, 0. 2 5% 
KIT. N b : 0 . 0 0 3%tLL. 0.04 %£TRD 1 « 

$ACCa:0. 00 05%£Lh. 0-010 
0%JiTF. REMjcfRO^-ff : 0. 0 0 0 5%W±. 
0.0100 %KTO 1 «4 fcti 2 S#* L . 3&#<ft 

axi^^sim^mm^*) , ttFff**ov 005^ 

m— 5. 0Am<7)KHfc*^MgO4^ii x MgOJt 
Ml 2 0 3 . Si0 2 , MnO. Ti 2 O s OlSk 
L < »i 2 «tUK0a-&BMfcft*< 1 T^m mftfcOl. 0 

x i o 2 «kui. i - ox i o? «i3iT*tf. imm* 
7x5^ hffiai*±h L&<4i-4 bmmt-t&zkt: 
imk-tz x&im t mmzmxr^kmmmm: ■ 

[00 0 9] 4) MM%iZX 

C : 0. OlXJSLb.0. 2 0%OT, Si:0. 3 
%J3Lh'. 1. 5XJ21T. Mn : 0. 5%£JLt. 2. 5% 
JUT. P : 0. 1 0%1;TF. S : 0 . 0 0 996®. 
T.\ N : 0 . 0 1 0%JilT. Mg : 0 .00 0 5%& 
±. 0 . 0 1%1UT. A 1 : 0- 0 0 2%J2LL'.,0. 0 
7%&T. cfcit/Ti : 0. 0 0 3%W±, 0. 2 5% 
fe[T. N b : 0. 0 0 3%&±. 0. 04%£TF<7)1« 



Ca : 0. 00 0 5%lXli. 0.010 
0%£lT. REMTn^^ft : 0. 0 00 5%JJJLh; 
0 . 0 10 OSbOTO 1 »*fct± . 'gg&W* 

=fc?/T^@WTi3fi^*^^ o „ verwo .005/4 

m-5. Oiim^MgOiWi, M gO^fM 1 2 O 
3 . Si0 2 . MnO. T i 2 0 3 <Dimi>V<ii2m 

vxtcomsmitrnt . ztvtmz lx . ^fljac ( n 
b. T i > •N**^-&a^»faj*<od^. 

0 . 0 5// m~5 . 0 umCO^M<7>Vx^iifi 1 W^ram 

htz^i. oxio3 m&±. l.oxio 7 mixris 

[0 0 10] 5) 1 ) Xtt2) X(±3) Xi±4) tcfiE 

Sr L , ?| & M# 2 0 1C/ s e c J3Lh<WW9B*fltC*«ai 
L. 3 5 0*C~6 0 O'CTmJRZ Z. k Zimk-fh. M 

z k z&mk -r s 5ts£tf 14 k mmzmtu^mmBMm 

[0011] 6) 1 ) XIZ2) Xl±3) X«4) ICfS 
Sr L feft. 2 0 C C/ s e c IXhO^ffliiST' 6 5 0 °C~ 

7 o orst'^au. Kaflm5»«T2SJfr LfcfiL. s 

fi^LT. 3 5 0°C-6 OCC-CliK&i k&mWlk 

[0 0 12] 7) 1 ) Xfi2 ) X(i3) Xii4 ) 
Lfc«l. iJirjf. 5) X(i6) fc!BL«:«9WJfe&i£fc: 
fe(t^>^MlS^fi!c^lISS^i3^r. S i i:Mn£ 

s i t zmmk i-&xmmkwmzmxfzmM?m 

[0 0 13] S) 5 ) X6) X(47 ) ICiJ^T. Mg 

comimi&i&mk ltsi. ns, cu. a k rem 
( %i±m7tm ) co i m& h 2 icu^ ^Mg^ 
&&m^& z k zwwik^&fti&imkmmzmifz-m 

[0 0 14] 9 ) 8 ) tCfctvt. Mg^^Mgig 

1 %ja± 1 oxmnx-hhz k znmk-thftmf 
tekj&fazmtuzw&j^mfccow&tjmt 

[0015] 10) -7 ) frb 9 ) fctNVCv M g^ 
4>^Fe. Mn. Cr OiSl^cOft^ 1 0 %^M"Ct> h Z. 

k &m®k ■t&xmm k mmz&t\jzM&mmmwi 

[00161 
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mizmw^z. ■ 

[ooi7]:it, ^mcnm.^mnm^z^xm 

=5:4 fc* jteEtttiSlWW-ft. iff fcO-. 2 0% 
K) W£j$rFZ<QX': 0 . 2 0%lS¥. tifcL. 
COST- 0.01 %ELhtt£9?C& 4 „ . 

[ooi8] ski tt*mim<mj&zwii?3L ? 

SSotSST**.- 4fc...S i«Sfcl(cJ^QjHUefciEtt»p 
££-£4fl5ffl*»2b*.: .Tft«fc 3&fflB&#4fcfttf4 
0. 3%&±<Dmuifi'£mX'hL- U*»tv &aaft#tt 

&fcftl ... 5-%£±EBfc-r£; !.;".'. • 
[00 1 9] Mn Ji';: SMBIfiifciBRfcTefc-r* 0 . A 

® 0.5 o $ * • L> L ; .^itcsani 

b 5 ? aflBff j uMticWmz 9.*#< =5: 0 . -I 
it^5^iaOfltt*4ka**v. i*tJ: 9 2 . i 5 0%£± 

[0020] Pttjpi«<o3SK*±*f tsarcftttf, m 

TcigT-ft.SiiiiLiOi^O. rl 0%&Tb U 1fr£L< 
(i 0 ,:. 0 3 fcteTF^S* Uv : '■ v .<• : / * :■. ' 
[00 2 lli.SttMn 3«^>^NAK^Sfft^£Jftb.«''K 

lv%7cs-c».o s--mami&%\,im&2 l<-, o,:. ••• oo 

9%m.Tft&. £*!U 0.00, 5KETFC£<p3&* 
&mgl=mi&t:it?0 :. 0 0 5%WWSI* Li V • 
[0022] Ntt,: JnaZttfcfSftf 4£ft«^&K:V>3r 
0.010 %£tti. & JnHfc&9Sfl;LT < •!» 
<F>X\: 0,010 %)£Tb U .Q. 005 %fiJT*»ai 

[0023] M g<4, .,*f&"3WEfcfr4*tSJI*jK6n7E 
t4MgO$-#tfA 1 2 O s , Si0 2 ' ; MnO, Ti 2 . 

mi* mk+hihsktfihh t $>ti, fmf&.<r>^\±. 

tc&ll#£> 4 4. fcfc'U 0. 000 5%* 

mxtezemm^-wtx-Sb 4 . —-fix o. 01 %sgo 

4£ft±Pl£0. 0 ljgk-f-ft. 



[0024] ai i±*wniztiiihmi>mm%mn7m 

\\ M g A 1 2 o 4 «-&RfW«iMgO£ - *trA 1 2 O 
5 i S i0 2 .. MnO, Ti 2 0 3 ft»-&BMtftfto 

mi>mm%&im<7>&ttm<?>ut'?x'fc o; mmo 
ftmtmz^mmit^&cDizm&wx'h&t^iL^ti 

SSWR* 1 * § t^x. bti^ yz&if&cofo±.iz%)%:rf$i h 

t^thixh. ztiXK) o. oo 2%m±mu-r&. tz 

ft, 0. 0 7%WTk-T*. Wrta^BMlslftftd^Mg 
A 1 tt^lHfcWJftlWfc«t«&ft^l'^S:l*l± tBMbttft 

0.-7 %tm* .tv\ • • v ■:, 

[0025 ].T i s N.b*i*»Hjtfcit4j|fcas^:jg 
Jiec*ftTr3'e*4 . T i.-Nb J4«*B%r(C*fiHU-C- 
V v^M-ft^O ■? t>«Ffc"'h$ V^M g.OS fetiM. g A 1 2 .O 

tc*f ^ t xffi&m*M xz±% < u> m go ^ « 

tiMgAi^oT^a'ffl^K^ 

s t ^ixs . • 4 . ; ^m.<r>mMz t>jmxb& „ ^ 

*LfefttSa*^TS&K:%»S*4*:'ftK:l4N bv T i t i> 
< bi> 0 .- 0 0 3c%<nmalfi£&?C2>. 0 v,i 0 . • 0 

i xvxtnmmmiL l^. l*>u ztitjcommm 

UTT i (40 . 2 5%iilT, NbfiO. 0 4%tlTkf 
[ 0 0 2 6,] C «»M%«SfL. ft 

fistf ttfti*F±t*«rr* s . i*i*^f36fc-?fi»$if 

ft ti± 0 . 0 0 0 5 %lil±0^jD* i '^T*«) h i — 

^tt^M^^ <rix«k o±»*.o .Qio o%t-r 

5., REM7HRliC,afcE«<^»£'*r-$-4.. . 
*> REM tttt-flsll^^^<0»«ffll W L v ftj£»f tt 

REM7C^O#ftt'0 .000 5 %J^±<08ail*^S-C 

izihlMt: 0 . 0 1 0 0 % b "T h . 
[0027] iS-fkifek LTtiM g D * feti;' M g O** 
^A 1 2 ,0 3 S i 0 2 s .MnO. T i 2 0 3 (Olffl^ 

1i*WL/tS*.-a-&BMkft^>d^MgO, M g A 1 2 O 

4 b z\ tim\-<7)M-&mm b xm% -> tt&w&izxw 
fflfy-vrcommzstomfmLxte*), znwtbii 

<,zM S maiz£^xnt>ti&%l%X'&<) . ffilKSMKcJ: 
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